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摘 要 
I 
 
摘 要 
本论文在实验室先前通过N-位自由基形成碳-碳键的方法学研究基础上，探
索更为高效的光催化自由基偶联反应方法，并应用自由基偶联反应实践生物碱的
不对称全合成。取得的主要成果有： 
一、 发展了可见光诱导的硝酮与芳香醛（酮）的催化自由基偶联反应 
通过研究，应用钌络合物与路易斯酸协同催化，发展了可见光诱导的硝酮与
芳香醛（酮）的催化还原偶联反应，通过该反应可以在温和的条件下制备一系列
邻（-）羟胺醇化合物，进而实现邻氨基醇的合成。进一步，我们设计了相关的
控制实验，对反应的自由基机理进行了初步研究。 
 
在完成外消旋体系的探究后，我们对该反应过程中的立体化学选择性控制进
行了深入系统的研究。通过对一系列手性配体的筛选及对反应条件的优化，我们
成功实现了链状、环状硝酮与芳香醛的不对称偶联。该反应可以高产率、高立体
选择性地实现光学纯的邻氨基醇的合成。进而，我们成功将该反应应用于()-麻
黄碱和()-司来吉兰的不对称合成之中。 
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摘 要 
II 
 
 
二、 完成了 ()-14,15-二氢一叶萩碱首次不对称全合成的部分工作 
在本实验室先前工作的基础上，利用二碘化钐参与的自由基偶联反应为关键
步骤，从苹果酰亚胺出发，以 12 步，14.4%的总产率完成了()-14,15-二氢一叶
萩碱的首次不对称全合成。并通过手性 HPLC 分析，确证了合成路线立体选择性
的可靠性及最终产物的光学纯度。 
 
关键词：协同催化；光催化；不对称自由基偶联反应；邻羟胺醇；()-14,15-二
氢一叶萩碱；不对称全合成 
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III 
 
ABSTRACT 
On the basis of previous research of carbon-carbon bond formation at N- position 
via N- radicals in our group, the further studies of photocatalytic radical 
cross-coupling and total synthesis of alkaloids by utilizing radical reactions and 
strategies have been carried out. Some highlight results have been exhibited in this 
thesis and listed as follows: 
1. A visible light-induced radical cross-coupling of nitrones and aromatic 
aldehydes (or ketones) 
By using the synergistic catalysis of Lewis acid and Ru-photocatalyst, the reductive 
cross-coupling of nitrones and aromatic aldehydes (or ketones) has been demonstrated. 
In this way, vicinal N-hydroxyamino alcohols have been prepared under mild 
conditions, which can be transfered to vicinal amino alcohols by some simple 
reductions. Futhermore, some controlled reactions have been tested to verify a 
proposal radical mechanism. 
 
Then, we focused on the possibility to develope a stereo-controlled version of this 
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IV 
transformation. By optimizing a series of chiral ligands and reaction conditions, we 
succesessfully accomplished the enantioselective coupling of both chain and cyclic 
nitrones with aromatic aldehydes. By this reaction, enantiopure vicinal amino alcohols 
are obtained easily with high yield and excellent stereo selectivity. This method is 
used in the asymmetric synthesis of ()-ephedrine and ()-selegiline. 
 
2. The first asymmetric total synthesis of ()-14,15-dihydrosecurinine 
Previously, the formal total synthesis of ()-securinine has been achieved in our lab. 
On the basis of the same SmI2-mediated strategy, the first asymmetric total synthesis 
of ()-14,15-dihydrosecurinine has been accomplished from an easy available 
malimide for 12 steps with 14.4% total yield. Furthermore, the enantiopurity of our 
synthetic 14,15-dihydrosecurinine has been confirmed by chiral HPLC analysis. 
 
Key words: synergistic catalysis; photocatalysis; asymmetric radical coupling 
reaction; vicinal N-hydroxyamino alcohols; ()-14,15-dihydrosecurinine; asymmetric 
total synthesis
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缩略语简表 
V 
 
缩略语简表 
Ac acetyl / 乙酰基 
Alk alkyl / 烷基 
aq. aqueous / 水溶液 
Ar aryl (substituted aromatic ring) / 芳基 
BDE bond dissociation energy / 键解离能 
Bn benzyl / 苄基 
Boc t-butoxycarbonyl / 叔丁氧羰基 
bpy 2,2'-bipyridyl / 2,2’-联吡啶基 
Bu butyl / 丁基 
c concentrate / 浓度 
ca. circa (approximately) / 约为 
Cat. catalytic / 催化的 
Cbz (Z) benzyloxycarbonyl / 苄氧羰基 
CFL compact fluorescent lamp / 节能灯 
COD 1,5-cyclooctadiene / 1,5-环辛二烯 
Cp cyclopentadienyl / 环戊二烯基 
DABCO 1,4-diazabicyclo[2.2.2]octane / 1,4-双氮杂[2.2.2]辛烷 
DBU 1,8-diazabicyclo[5.4.0]undec-7-ene / 1,8-双氮杂双环十一碳-7-烯 
DCB dichrolobenzene / 二氯苯 
DCC dicyclohexylcarbodiimide / 二环己基碳二亚胺 
DCE 1,2-dichloroethane / 1,2-二氯乙烷 
DCM dichloromethane / 二氯甲烷 
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缩略语简表 
VI 
dF-CF3-ppy 4’,6’-difluorophenyl-5-trifluoromethyl-2-pyridyl 
DIBAL-H diisobutylaluminum hydride / 二异丁基氢化铝 
DIPEA N,N-diisopropylethylamine / N,N-二异丙基乙胺 
DMA N,N-dimethylacetamide / N,N-二甲基乙酰胺 
DMAP N,N-4-dimethylaminopyridine / N,N-4-二甲氨基吡啶 
DME 1,2-dimethoxyethane / 1,2-二甲氧基乙烷 
DMF N,N-dimethylformamide / N,N-二甲基甲酰胺 
DMP Dess-Martin periodinane / Dess-Martin 氧化剂 
DMPU N,N-dimethyl propylene urea / N,N-二甲基丙撑脲 
DMSO dimethylsulfoxide / 二甲基亚砜 
dr diastereomeric ratio / 非对映异构体比例 
dtbbpy 5,5’-di-tert-butyl-2,2'-bipyridyl / 5,5’-二叔丁基-2,2’-联吡啶基 
ee enantiomeric excess / 对映体过量分数 
EDG electron-donating group / 给电子基团 
Et ethyl / 乙基 
EWG electron-withdrawing group / 吸电子基团 
h hours (length of reaction time) / 小时（反应时长） 
Het heterocycle / 杂环 
HMDS 1,1,1,3,3,3-hexamethyldisilazane / 六甲基二硅胺 
HMPA hexamethylphosphoric acid triamide / 六甲基磷酰胺 
HPLC high-pressure liquid chromatography / 高压液相色谱 
HRMS high resolution mass spectrometry / 高分辨质谱 
hv irradiation with light / 光照 
i iso / 异（基团） 
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缩略语简表 
VII 
IPA isopropyl alcohol / 异丙醇 
IR infrared spectroscopy / 红外光谱 
ISC inter system crossing / 系间窜越 
L ligand / 配体 
LA Lewis acid / 路易斯酸 
LAH lithium aluminum hydride / 氢化铝锂 
LDA lithium diisopropylamide / 双异丙基氨基锂 
LED light emitting diode / 发光二极管 
LUMO lowest unoccupied molecular orbital / 最低未占有轨道 
m meta / 间位 
M molL-1 / 摩尔每升 
mCPBA meta chloroperbenzoic acid / 间氯过氧苯甲酸 
Me methyl / 甲基 
MLCT metal to ligand charge transfer / 金属到配体的电荷转移 
mp melting point / 熔点 
Ms mesyl / 甲磺酰基 
MS molecular sieves / 分子筛 
MTBE methyl tert-butyl ether / 甲基叔丁基醚 
n normal (e.g. unbranched alkyl chain) / 正（基团） 
NBS N-bromosuccinimide / N-溴代丁二酰亚胺 
NHC N-heterocyclic carbene / N-杂环卡宾 
NMO N-methylmorpholine oxide / N-甲基吗啡啉氧化物 
NMP N-methyl-2-pyrrolidinone / N-甲基吡咯烷酮 
NMR nuclear magnetic resonance / 核磁共振波谱 
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Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
